Context: Mammographic density is a strong independent risk factor for breast cancer, whose prevalence in acromegaly is still controversial. Objective: To compare breast density in premenopausal acromegalic patients and controls and to determine whether density correlated with disease duration, GH, and IGF1 levels. Design, setting and participants: A prospective study involving 30 patients and 60 controls matched for age and body mass index. Interventions: A quantitative computer-aided mammographic density estimation (MDEST) and a qualitative blind evaluation by two experienced radiologists using the breast imaging reporting and data system (BI-RADS) was performed. Totally, 60 (acromegaly) and 120 (controls) craniocaudal and mediolateral oblique mammograms were evaluated in both patients and controls. Main outcome measures: Breast density. Results: Patients showed a significantly (P!0.01) increased mammographic breast density with both methods (MDEST: 0.33G0.21% and BI-RADS category: 2.81G0.78) in comparison with controls (MDEST: 0.26G0.19% and BI-RADS category: 2.35G0.61). The agreement between the two methods and inter-observer agreement between the two radiologists were excellent (kZ0.63 and kZ0.85). In patients grouped according to disease activity (17 controlled and 13 uncontrolled) and medical therapy (15 treated and 15 untreated), no differences were found. All these groups had significantly increased mammographic breast density compared with controls (P!0.01). A positive correlation was found between mammographic breast density, IGF1 values and disease duration (rZ0.29 and rZ0.39), whereas it was not found with GH (rZK0.02). Conclusions: Mammographic breast density in premenopausal acromegalic patients is significantly higher than controls and positively correlated with IGF1 and disease duration.
Introduction
The clinical importance of mammographic percent density is twofold: first it decreases the sensitivity of mammography in detection of breast carcinoma, because dense fibroglandular tissue may obscure pathological findings; secondly, the risk of developing breast cancer is directly associated with increased mammographic density, and a substantial fraction of breast cancers can be attributed to this risk factor (1) . Women with high mammographic density have a fiveto six-fold increased risk of breast cancer (2, 3) .
Several studies have investigated the relationship between mammographic percent density and hormones; however, the results are unclear so far (4) (5) (6) .
A positive association between mammographic breast density and plasma insulin-like growth factor 1 (IGF1) in premenopausal women has been observed in three studies (4) (5) (6) , whereas a fourth one did not confirm this evidence (7) . GH is mitogenic and anti-apoptotic in several tissues (5, 6) , and IGF1 is an important mitogen as well, required by different cell types to progress from the G1 to the S phase of the cell cycle (6) . Acromegaly is characterized by elevated GH and IGF1 levels, and although overall cancer incidence in acromegalic patients is not increased, there is a risk of developing colorectal cancer. Uncontrolled GH levels likely provide a growth advantage to neoplasms, resulting in more aggressive disease and increased cancer-associated mortality. More recently, an increased prevalence of thyroid cancer has been suggested as well, and an association between tumor growth and GH or IGF1 levels has been alternatively suggested. The data on the prevalence of breast and prostate cancer in acromegaly are still controversial (8) .
Further knowledge of the relationship between mammographic density, circulating biomarkers and clinical features related to breast cancer risk may, therefore, elucidate disease mechanisms and offer clues to more specific prevention strategies not only in acromegalic patients but also in the general population (9) .
To the best of our knowledge, there are no data in literature investigating mammographic breast density in acromegaly. Therefore, the aim of our study was to investigate breast density in acromegaly in comparison with healthy women, and to determine whether breast density might correlate with disease duration, GH, and IGF1 levels in premenopausal acromegalic women. The diagnosis of acromegaly was based on established criteria (10) , and gonadotropin (LH and FSH), estrogen levels, and menstrual cycle history were evaluated as well. Disease activity was evaluated by means of the oral glucose tolerance test (OGTT), with a single blood sample being collected at 120th min and the basal value of IGF1 (10) . Patients were subdivided into 'controlled' and 'uncontrolled' according to the evaluation of acromegaly activity based on the lack of GH suppression during OGTT, coupled with elevated IGF1 levels and 'partially controlled', when a discordance among GH after OGTT and basal IGF1 values was recorded.
Materials and methods

Patients
Postmenopausal women (both natural and surgery induced), smokers, patients taking hormone medications (including oral contraceptives within 3 months from the mammography) tamoxifen or raloxifene, pregnant women, patients with a history of cancer at any site, or with breast reduction or implants, and with diabetes mellitus, renal or hepatic disease (11) were excluded.
At the beginning of the study, 8 newly diagnosed patients were untreated, 22 had undergone transsphenoidal surgery (15 also treated with somatostatin analogs).
For a further statistical analysis, women were subdivided into treated (nZ15) and untreated (nZ15) according to whether they were receiving medical treatment with somatostatin analogs at the beginning of the study. Patients were also subdivided into two subgroups, according to disease activity: controlled (nZ17) and uncontrolled (nZ13). The control group included 60 healthy volunteers who received a screening mammogram, matched for age and body mass (age: range, 23-47 years; meanGS.E.M. 41.9 G4.62; BMI: meanGS.E.M. 25.1G0.75). All of them respected the same exclusion criteria adopted for acromegalic women.
The study protocol was approved by the local ethical committee, and a written informed consent was obtained from all patients and controls.
Mammogram selection and digitization
The dataset, normally used at our institution for the screening program, comprised of four-view craniocaudal (CC) and mediolateral oblique (MLO) mammograms.
The mammograms had been acquired by using Mammography Quality Standards Act (MQSA)approved GE DMR mammography units with Kodak MR2000 (Kodak) screen and film systems. All images were digitized by using a laser film scanner (Lumisys, Mountain View, CA, USA) with a pixel size of 0.05!0.05 mm and 4096 gray levels. The gray levels were linearly proportional to the optical densities, from 0.1 to w4.0 optical density units. The nominal optical density range of the scanner is 0-4, with large pixel values corresponding to low optical density. In our study, the breast density pattern was analyzed in high spatial resolution (pixel size of 0.005 mm); the full-spatial resolution was 2800!2400 pixels in size. The software used to analyze breast density was developed by an engineer with a 3 year of experience in this field (G T) using a new software for breast density estimation recently developed (12) .
Mammogram density analysis with MDEST
The background features were automatically excluded by the software, while the pectoralis muscle was manually excluded. Breast boundary was automatically calculated by using a gradient-based edge-tracking algorithm. After the creation of a threshold value, pixels were separated in two classes: pixel values above the threshold corresponded to dense tissue, and the class of pixel values below the threshold corresponded to fat tissue ( Fig. 1 ). Breast density was then calculated dividing the number of pixels in the dense area by the total number of pixels in the entire breast region as described elsewhere (12) .
Qualitative BI-RADS density classifications
Mammographic breast density was classified using the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) (13) and divided into four morphological categories according to the parenchymal structure (BI-RADS 1: the breast is almost entirely fatty; BI-RADS 2: scattered fibroglandular densities; BI-RADS 3: the breast is heterogeneously dense, and mammographic sensitivity can be reduced; BI-RADS 4: the breast tissue is extremely dense, and lesions may not be detected at mammography).
The mammograms were also divided into four density categories, which corresponded to the parenchymal structure (1: 0-25%; 2: 25-50%; 3: 50-75%; 4O75%). These procedures were performed by two blinded radiologists (M C and E B) with 20 and 25 years of experience respectively in breast examination. Since elevated mammographic densities (BI-RADS 3 and 4) may reduce mammographic sensitivity, an ultrasonographic examination was immediately performed in the women belonging to these groups by one of the experienced radiologist (M C). Totally, 60 and 120 CC and MLO mammograms were evaluated in both acromegalic patients and controls.
Laboratory assays
Serum GH levels were determined by means of a chemiluminescent ICMA assay (Immulite; D.P.C., Los Angeles, CA, USA). The analytical sensitivity of this assay was 0.01 mg/l, and the accuracy was !7% in the standard curve range; the standard curve was calibrated against WHO 1st IRP 80/505 (1 mgZ2.6 IU). All these data have been validated in our laboratory. IGF1 was measured by RIA using immunochemicals and tracer provided as reported previously (14) .
Statistical analysis
Statistical analysis was performed using the Mann-Whitney U test for unpaired data to compare patients and healthy controls. Comparison within patients' groups was made using the Mann-Whitney U test. Values were expressed as meanGS.D. for the radiological data and meanGS.E.M. for the endocrinological data. P values !0.05 were considered statistically significant. The Pearson test and linear regression analysis were used to correlate mammographic breast density with other parameters. Multivariate analysis was performed with SPSS software (SPSS Inc., Chicago, IL, USA) to assess whether IGF1 remains positively correlated with breast density after adjustments for BMI and insulin resistance.
Results
Acromegalic patients showed a significantly (P!0.01) increased mammographic breast density with both methods (mammographic density estimation (MDEST) density (%): 0.33G0.21 and BI-RADS category: 2.81 G0.78) in comparison with controls (MDEST density (%): 0.26G0.19 and BI-RADS category: 2.35G0.61).
An overall 7% of increased mammographic breast density was observed in acromegalic patients in comparison with controls ( Table 1) .
The agreement between the two methods and interobserver agreement between the two radiologists were excellent (kZ0.63 and kZ0.85).
Acromegalic patients had significantly increased mammographic breast density in comparison with controls (P!0.04).
Moreover, no differences were found between controlled and uncontrolled or treated and untreated patients. All these groups had significantly increased mammographic breast density compared with controls (P!0.01).
A positive correlation between IGF1 values, disease duration and mammographic breast density (rZ0.29; P!0.01 and rZ0.39: P!0.01) was found (Fig. 2) . No correlation with GH levels was observed (rZK0.02; Figure 1 Quantitative assessment of breast density. The figure shows the computer interface. At the first step (1), the edges of the breast are identified, then the radiologist adjusts the density threshold in the semi-automated method (2) , and finally the percentage of dense breast is read into the black circle (3). In the fully automated method, there is no need to adjust the threshold (2). On the left, the selection of the breast edge can be visualized (in this figure, it is artificially thickened for visual purposes), while on the right, there is the mask of the breast dense tissue. In this example, the breast is 50% dense. 
Discussion
Although still controversial, some evidence suggested that breast malignancies might be increased in acromegaly (15, 16) . It has been demonstrated that breast cancer risk rose with an increasing percentage of the breast area (1, 3, 4) . This association was not explained by other risk factors such as age, weight, age at first childbirth, family history of breast cancer, alcohol use, prior benign breast disease, age at menarche, and age at menopause (5) . It has also been demonstrated that a positive association between plasma IGF1 concentration and both percent and absolute mammographic densities is present in postmenopausal women who were not using hormonal therapy (17) . Given the association between breast density and IGF1 concentrations, the purpose of the study was to assess whether breast density is increased in acromegalic patients and to investigate relationships between breast density, GH and IGF1 values in these patients.
The results demonstrated an overall 7% of increased mammographic breast density in acromegalic patients in comparison with controls. In line with the recent literature, these data suggest that acromegalic patients might have an increased risk of developing breast cancer compared with the normal population. Considering that the relative risk of breast cancer increases w2% by every 1% increase in breast density (18) , a 7% of increased mammographic breast density in acromegaly may be, in theory, responsible of increased risk more than 10%.
Moreover, our results support a positive association between mammographic density and IGF1 levels and disease duration, suggesting that IGF1, rather than GH, might be responsible for the increased breast density (19) . IGF1 is an important mitogen, which exerts powerful effects on each of the key stages of cancer development and behavior: cellular proliferation and apoptosis, angiogenesis and metastasis, and more recently, development of resistance to chemotherapeutic agents (20) . It is a potent proliferative agent affecting almost every cell type. In addition to these proliferative actions, IGF1 also acts as an anti-apoptotic agent, influencing the responses to a variety of agents in numerous cell types (20) . On the basis of these data, breast cancer risk in acromegalic patients should be increased; however results from epidemiological studies are controversial (20) . A recent study confirmed that high levels of GH and IGF1 in premenopausal women increase the risk of breast cancer because 65% of patients with breast cancer are diagnosed in the premenopausal period, and initial GH and IGF1 levels of all patients with breast cancer are high (21) . In a study by Nabarro (22) , it was shown that there was a fourfold increase in breast cancer incidence in acromegalic patients (22) . Indeed, increased levels of GH and IGF1 may stimulate breast fibroglandular tissue determining an increased breast density, which may be one of the factors determining an increased breast cancer risk in acromegaly (23, 24) . However, other factors, namely genetic predisposition, peripheral and local activity of IGF-binding proteins, local immune milieu, as well as metabolic status, may influence this picture and probably explain the conflicting results from the epidemiological studies (25, 26) . The lack of difference between controlled and uncontrolled patients is probably due to the small sample; however, it is unclear whether reaching the statistical significance for controlled and uncontrolled patients may have a clinical significance.
From the radiological point of view, an increased breast density reduces mammographic diagnostic accuracy (12) ; therefore, in acromegalic patients, screening programs including only mammography may have a reduced cancer detection rate (27) . On the light of increased mammographic breast density, acromegalic patients may be evaluated with the combined use of mammography and ultrasonography or may be inserted in magnetic resonance imaging screening programs for high-risk women (28) . In interpreting repeated results, for example pre-and post-therapy, different factors have to be considered such as age and BMI, the use of tamoxifen in patients suffering from breast cancer, estrogen-plus-progesterone and estrogen-alone menopausal hormone therapy. These factors may influence breast density and have to be corrected to perform an accurate analysis.
In conclusion, our study demonstrates that mammographic breast density is significantly higher in premenopausal acromegalic patients than in the normal population, and positively correlates with IGF1 levels and disease duration. Since increased mammographic breast density is an independent risk factor for cancer, these patients should be more carefully monitored (1) . Moreover, considering that mammography in dense breasts has a reduced diagnostic accuracy in comparison with the combined use of mammography and ultrasonography (1, 28) , we suggest evaluating breasts of acromegalic patients as increased risk groups of patients.
Declaration of interest
